Certified reference materials (CRMs) are an essential tool in the quality assurance of analytical measurements. They are produced, certified, and used in accordance with relevant ISO (International Organization for Standardization) and BCR (Community Bureau of Reference) guidelines. The Institute for Reference Materials and Measurements (IRMM; Geel, Belgium) has produced the first powdery genetically modified organism (GMO) CRMs in cooperation with the Institute for Health and Consumer Protection (Ispra, Italy). Until now, different weight percentages in the range of 0-5% for 4 GMOs in Europe were produced and certified: Bt (Bacillus thuringiensis)-11 and Bt-176 maize, Roundup Ready â soybean, and MON810 maize. Bt-11 and Bt-176 maize and Roundup Ready soybean were produced by IRMM on behalf of Fluka Chemie AG (Buchs, Switzerland). Characterization of used base material is the first step in production and is especially important for GMO CRMs. The production of powdery GMO CRMs and methods used for production control are described. Thorough control of homogeneity and stability are essential for certification of reference materials and ensure validity of the certificate for each bottle of a batch throughout a defined shelf-life. Because production of reference materials and their maintenance are very labor-and cost-intensive tasks, the usefulness of new types of GMO CRMs must be estimated carefully. C ertified reference materials (CRMs) are an essential tool in quality assurance of analytical measurements.
C ertified reference materials (CRMs) are an essential tool in quality assurance of analytical measurements.
Their use helps to improve precision of analytical measurements and ensures comparability of achieved results. CRMs are designed for the calibration of measurements, the development and validation of new methods, and the verification of correct application of standardized methods. The production of genetically modified organism (GMO) CRMs must be considered as special because the weight percentage of GMO in a sample cannot be measured directly. DNA and protein-based methods for determining a typical GMO DNA sequence or a protein relatively to a natural DNA sequence or protein are commonly used to quantitate GMOs. Thus, factors such as zygosity of a genome can influence the results of indirect quantitation by selected DNA sequences. Protein-based methods show similar problems as the expression of a protein differs in different parts of a plant and depends on growing conditions. To determine the true GMO content, one must have precise knowledge about the analyte content before production and about what happens to the analyte during the different production stages.
Production of CRMs
CRMs are produced, certified, and used in accordance with relevant ISO (International Organization for Standardization; Geneva, Switzerland) and BCR (Community Bureau of Reference; Brussels, Belgium) guidelines (1-10). The Institute for Reference Materials and Methods (IRMM; Geel, Belgium) has produced the first GMO CRMs in cooperation with the Institute for Health and Consumer Protection (IHCP; Ispra, Italy). Until now, different weight percentages in the range of 0-5% for 4 GMOs authorized in Europe were produced and certified: Bt-11 and Bt-176 maize, Roundup Ready ® soybean, and MON810 maize ( (12) (13) (14) (15) . The production of powdery GMO CRMs includes the following major steps: characterization of the base material, decontamination of the kernel surface, grinding of the kernels, mixing of different weight portions, bottling under argon atmosphere, labeling, and control of the final product ( Figure 1) .
Characterization of used base material, the first production step, is especially important for GMO CRMs. GMO and non-GMO base material must be of seed quality, must represent only one variety, and must be analyzed for purity. The portion of homozygous and heterozygous kernels in the GMO base material must be determined to allow later use in quantitative GMO analysis. Both base materials must be analyzed for their DNA content, preferably with different methods as shown in the example for Bt-176 and Roundup Ready soybean in Table 2 .
Calculation of the optimal particle size for a GMO CRM is crucial, as the different tissue types of kernels contain not only different amounts of DNA (due to the cell size), but also different sets of genomes (due to embryogenesis). Furthermore, it is preferable that particle size distribution show only one peak (16); larger particles increase the uncertainty of the measurement (17) . [ Figure 2 shows how particle size for 3 differently ground maize samples at vaious sample intake levels affects the uncertainty of measurement.] The 3 samples were ground with a laboratory grinder and a high impact mill or were cryo-ground with a high impact mill (17) .
An average particle size of 40 µm was optimal for production of GMO CRMs due to low sample intakes in PCR detection methods, but the small particle size requires sophisticated grinding techniques (18) . Figures 3 and 4 and cryo-grinding techniques in a high impact mill. The conventional technique led to a particle size distribution with an average of 195 µm, whereas the cryo-grinding technique led to a particle size distribution of 35 µm. Bt-11 and Bt-176 maize, and Roundup Ready soybean belong to the first and second generation of GMO CRMs produced at IRMM. The weight fractions of the powdery ground GMO and non-GMO kernels were mixed with the help of a wet-mixing technique. The water in the slurry was later removed by freeze-drying. MON810 maize, belonging to the third generation of GMO CRMs, was produced by a cryo-grinding and dry-mixing technique (18) . Due to different requirements, the GMO CRM production schemes must be adapted if used for other seeds. In general, higher fat contents complicate grinding and dry-mixing, and therefore the application of wet-mixing techniques under cooled and controlled conditions may be favored for soybeans (19) . Applicability of dry-mixing techniques for soybeans is currently under investigation.
During production, precautions must be taken to avoid uncontrolled contamination with foreign DNA. Therefore, non-GMO and GMO base material and the later GMO CRM are treated in closed glove box systems or in clean cells under laminar air flow. Appropriate disposable clothing is used or clothing is changed according to the production steps. All surfaces having contact with the material are chemically treated to destroy any DNA attached. 
Production Control
The quantitation of GMOs must be considered as special because the amount of GMO (weight %) present can only be measured indirectly, e.g., by DNA or protein analysis in samples that may have undergone a certain treatment. Hence, in order to determine the true GMO content, one must understand what happens to the analytes between the stage when the original materials are mixed until the sample is available for analysis. Both DNA and protein have the potential to vary naturally in concentration in different batches of raw materials, and the concentration may change depending on sample treatment. Very often the homogenization of a material contradicts the degradation of the analyte. Nevertheless, homogeneity is essential, as inhomogeneity will lead to the failure of method validation and a wrong conclusion.
Thorough control of homogeneity and stability as well as traceability to SI (International System of Units) or other stated references are therefore essential for certification of such reference materials, which ensures validity of the certificate for each bottle of a batch throughout a defined shelf-life (20, 21) . The MON810 CRM was produced by a dry-mixing method, during which the material was diluted stepwise. The homogeneity of powdery maize material produced by a dry-mixing technique was controlled in a study performed with Au-spiked maize powder and Bt-11 maize powder. Three different concentration levels were prepared by stepwise dilution of 100% dry powder to 10, 1, and 0.1%. The Au-spiked maize was determined with the help of neutron activation analysis (NAA; Table 3 ). The Bt-11 maize was detected with a cryIAb protein ELISA and the homogeneity of the mixed material was proved (Table 3) . NAA was performed at a sample intake level of 50 mg, which is common for PCR measurements (18) .
Production control and control of the final product are ensured with the help of particle distribution analysis, water content, and water activity determination. The status of the analyte during production and in the final product is controlled by gel electrophoresis, DNA, and protein-based detection methods (Figure 1 ). DNA analysis showed that DNA degradation occurs during application of a wet-mixing technique and can be minimized by cooling. Application of a dry-mixing technique helps to avoid DNA degradation (Table 4; 18) . Nevertheless, the user must keep in mind that DNA degradation is very likely to occur during food production and may even lead to the degradation of certain sequences (22) .
Conclusions
The production of reference materials and their maintenance are very labor-and cost-intensive tasks. Therefore, usefulness of a future CRM must be estimated carefully. Pure GMO DNA and pure protein standards are often requested, but serve only as calibrants in GMO determination. GMO matrix reference materials, in contrast, represent raw food samples and help to determine extraction efficiency, matrix effects, and analyte degradation. 
